REVIEW

The Burden of Cancer in Member Countries of the Association of Southeast Asian Nations (ASEAN)
Philippines, Singapore, Thailand and Viet Nam. This region contains more than half a billion people, almost 9% of the world population, spread over highly diverse countries, from economic powerhouses like Singapore to poorer economies such as Laos, Cambodia and Myanmar (Table 1) . Each year, more than 700,000 new cases of cancer occur in ASEAN countries and this number is expected to increase (Ferlay et al., 2010) . Cancer has a severe impact on individuals and communities. Not only does it lead to disability and death, its treatment costs and associated loss of income can quickly undermine family finances. Consequently, globally, as well as for the ASEAN region, cancer has negative implications for poverty reduction and economic development. The United Nations has recently identified the socioeconomic and health toll from non-communicable diseases, such as cancer, as a major impediment to the achievement of the Millennium Development Goals (United Nations Non-Governmental Liaison Service, 2010) .
Information about the burden of cancer in ASEAN countries, in common with many other developing countries, is incomplete and generally has not been systematically reviewed for coherence and consistency. National mortality data for most ASEAN countries have been shown to be deficient with significant underregistration and misclassification. This study aims to provide a comprehensive picture of the burden of cancer in ASEAN. It presents incidence and mortality data from GLOBOCAN 2008 and uses the Global Burden of Disease (GBD) methodology and assumptions (Murray and Lopez, 1997) to estimate the impact of illness in terms of disability adjusted life years (DALYs) lost. A burden of disease study such as this, combined with cost data, enables assessments to be made of the societal toll of cancer in terms of lost economic and social opportunities, and comparisons across countries. Such findings can raise awareness of the scale of the cancer problem, identify priorities for further research and catalyse political action to put in place effective cancer control health care policies (Lancet, 2010) 
Materials and Methods
Methods developed for the Global Burden of Disease (GBD) Study by the World Bank and World Health Organization (WHO) (Murray and Lopez, 1997) were adapted and applied to ASEAN population health data.
Cancer sites included in this burden of disease study were: mouth and pharynx (ICD-10 C00-C14), oesophagus (C15), stomach (C16), colon and rectum (C18-C21), liver (C22), pancreas (C25), trachea, bronchus and lung (C33-C34), melanoma (C43), female breast (C50), cervix uterine (C53), corpus uteri (C54-55), ovary (C56), prostate (C61), bladder (C67), lymphomas and multiple myeloma (C81-C90, C96), leukaemia (C91-C95), and other malignant neoplasms (balance of ICD-10 C00-C97).
Incidence and mortality data
The primary source of cancer incidence and mortality data was GLOBOCAN 2008 (Ferlay et al., 2010) . Incidence data are derived from population-based cancer registries, which may cover entire national populations but more often cover smaller, sub-national areas, and, particularly in developing countries, only major cities. Mortality statistics in GLOBOCAN are collected and made available by WHO (http://www.who.int/whosis/).
Population estimates
National population estimates for 2008 were extracted from the United Nations Population Division website (http://www.un.org/esa/population/). Age-standardised rates were calculated by utilising the WHO World Standard Population (Ahmad et al., 2001) .
Disability adjusted life years (DALYs)
The DALY is a combined measure of mortality and morbidity, calculated as the sum of years of life lost due to premature mortality (YLL) and years lived with disability (YLD). YLL lost due to cancer was estimated using the standard GBD approach (Murray and Lopez, 1997) . The date of death from cancer is subtracted from the date of death that would have occurred had the person lived an average life expectancy. An annual discount rate of 3% and standard life expectancies based on the West model levels 25 and 26 were used; that is, males are expected to live up to the age of 80 and females up to the age of 82.5 (Coale and Demeny, 1966) . We did not apply the controversial non-uniform age weighting (adjustments which result in less weight given to years lived at young and older ages) which was used in the original GBD 1990 study.
The YLD is the disability component of the DALY based on non-fatal health outcomes. The YLD takes the severity and duration of the disability into account using the basic formula (Mathers et al., 2001) : YLD = I x DW x L, where I is the number of incident cases for the reference period, DW is the disability weight in the range 0 -1, and L is the average duration of disability (in years).
The basis of the YLD estimation is a model of disease progression developed in the Dutch burden of disease study (Stouthard et al., 1997) . The disease model commences with an initial phase of diagnosis and primary therapy, with a duration of up to 12 months. After this initial phase, cancer cases are classified as those who will and will not be cured. Those who will be cured enter a phase of up to 5 years after which they are considered cured and have no further cancer-related disability. Those who will not be cured enter a phase (of variable length) of remission followed by a phase of disseminated carcinoma (lasting 12 months or less), then a terminal phase (lasting 1 month) and death. We modified the Dutch model to each cancer site following methods used in the Australian burden of disease study (Begg et al., 2007) . Dutch disability weights were allocated to each of the phases in the model (Stouthard et al., 1997) . Where no Dutch weights were available for a specific cancer site, we extrapolated weights based on the cancer that it most resembled. Five-year survival rates for developing and developed countries were obtained from a study on the worldwide mortality from 25 cancers (Pisani et al., 1999) .
Results
Cancer Incidence and Mortality
There were an estimated 724,699 new cancer cases (excluding non-melanoma skin cancer) and 500,439 deaths in the ASEAN region in 2008. Of all new cases, 46% were in males and 54% in females. However, 52% of deaths occurred in men. Among women, breast cancer had the highest incidence, followed by cervical cancer and colorectal cancer. Among men, the three most common cancer sites were lung, liver, and colorectal ( Figure 1 ). The most common fatal cancer in ASEAN for males and females combined was lung cancer (98,143 cases and 85,772 deaths). The second most common was liver cancer (74,777 new cases and 69,115 deaths), followed by colorectal cancer (68,811 cases and 44,280 deaths). Table 2 illustrates that the rank order of the burden of disease by cancer site differs slightly when measured by mortality versus incidence, although the top four cancers; lung, liver, colorectal and breast, are the same for men and women combined. The major change occurs in females; lung cancer in females ranks fourth in terms of incidence, but second in terms of mortality in 2008. These differences in rank order of incidence and mortality by cancer site are mainly due to the differing survival rates of specific cancers.
Crude incidence and mortality rates for all cancer sites combined, by age and sex, for each ASEAN country are presented in Tables 3 and 4 . Among the ASEAN countries, the highest crude incidence rates per 100,000 for total cancer (all sites) are estimated in Singapore, for both males (277.3) and females (282.4), and the lowest in the Philippines, also for both males (80) and females (90.9). Singapore also has the highest crude mortality rates per 100,000 (148.5 for males and 115.9 for females) and the Philippines the lowest (57.3 for males and 49.6 for females).
Cancer incidence increases significantly with age ( Figure 2 ). Figure 3 shows the age distribution in the ASEAN countries. When the effect of age is eliminated by age-standardisation, the difference between countries is less pronounced (Table 5) . Singapore still ranks highest and Philippines lowest for incidence rates; however, the ranking in terms of mortality rates changes. For instance Singapore falls to ninth in terms of cancer mortality. Importantly, geographic variation was still substantial after age-adjustment and large differences in rates exist when looking at specific cancer sites (Table 6 ).
The Seven Most Important Site-specific Cancers Lung cancer
Lung cancer was the most commonly diagnosed cancer, as well as the leading cause of cancer death in ASEAN in 2008. Age-standardised mortality rates (per 100,000) for males and females combined were highest in Vietnam (21.5) and Singapore (21.2) and lowest in the Philippines (14.2) and Cambodia (14.7). In males, the age-standardised mortality rates were highest in Singapore and Vietnam (both 31.6) and lowest in Myanmar (20.9) and Brunei (19.8) . In females, Brunei had the highest mortality rate (20.2), followed by Vietnam and Laos (both 13.9), which were all much higher than rates in the Philippines (6.4) and Cambodia (8.2) (Figure 4 ). Since the most important risk behaviour for lung cancer is tobacco smoking, the observed variations in rates and trends across countries, or between males and females within each country, are thought to largely reflect differences in the stage and degree of the tobacco epidemic (Youlden (Ezzati et al., 2005) .
Liver cancer
Liver cancer is the second most common cancer in ASEAN and the second leading cause of cancer death. The highest incidence and mortality rates per 100,000 are found in Laos (33.8 and 32.3), Thailand (29.7 and 25.4) and Vietnam (29.3 and 29.2) , and the lowest in Brunei (5.2 and 5.4), Malaysia (5.7 and 5.4) and Indonesia (6.7 and 6.6) ( Figure 5 ). Rates are more than twice as high in males as in females and survival is poor, as reflected by almost equal mortality and incidence rates. The high liver cancer rates may largely be explained by a high prevalence of chronic hepatitis B virus (HBV) infection. South-east Asia is considered a high endemicity area, in which about 70-90% of the population becomes HBV-infected before the age of 40, and 8 to 20% of people are HBV carriers (Hollinger and Liang 2001) . HBV infections accounts for about 60% of the total liver cancer in developing countries and for about 23% of cancer in developed countries (Parkin 2006) .
Colorectal cancer
Colorectal cancer is the third most commonly diagnosed cancer in both males and females, with 68,811 new cancer cases and 44,280 deaths estimated to have occurred in 2008. The highest incidence rates per 100,000 are found in Singapore (34.6), Brunei (26.7), Malaysia (17.5), and Indonesia (17.2). Rates are twofold of those in Vietnam (9.2), Thailand (13.3), Philippines (8.6) and Laos (8.9) . Similarly, mortality rates are at least twofold in Singapore (14.2), Brunei (13.4), Malaysia (11.5) and Indonesia (12.9), compared to Vietnam (4.8), Thailand (6.5), Philippines (3.9) and Laos (5.4) ( Figure  6 ). Unfavourable, increased colorectal cancer rates are thought to reflect changes in dietary patterns, obesity and smoking rates, often seen in economically transitioning countries (de Kok et al., 2008; Center et al., 2009 ).
Mouth and oropharynx cancer
Cancers of the mouth and oropharynx include cancers of the lip and oral cavity, nasopharynx and other pharynx cancers. This group of cancers is the fifth most common in ASEAN, with an estimated 47,273 new cases and 28,327 cancer deaths in 2008. Incidence and mortality rates (per 100,000) were highest in Brunei (17.4 and 7.6 respectively) and Malaysia (12.9 and 7.1 respectively) and lowest in the Philippines (6.1 and 4.4 respectively) and Vietnam (6.4 and 4.7 respectively) (Figure 7 ). Mouth and oropharynx cancers are associated with environmental and lifestyle risk factors, among which tobacco and alcohol play a major role. In addition to tobacco smoking, tobacco chewing is another risk factor as well as chewing betel quid and areca nut. Certain strains of virus, such as the DOI:http://dx.doi.org/10.7314/APJCP.2012.13.2 
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sexually transmitted human papilloma virus, also play a carcinogenic role (Lambert et al., 2011) .
Stomach cancer
Stomach is the seventh most commonly diagnosed cancer in ASEAN and the fourth leading cause of death, with an estimated 43,238 new cases and 35,320 cancer deaths in 2008. Incidence rates (per 100,000) vary from as low as 4.2 in males and 3.0 in females in Thailand to a high 24.4 in males and 14.6 in females in Vietnam. Mortality rates are highest in Vietnam, Cambodia and Myanmar (14.0, 8.4 and 9.0) , at least four times higher than rates in Thailand (2.5), Laos (3.4) and Philippines (3.5) ( Figure  8 ). Regional variations in stomach cancer rates partly reflect differences in the prevalence of Helicobacter pylori infection, which accounts for more than 60% of stomach cancer worldwide (Parkin 2006; Thun et al., 2010) .
Breast cancer
Breast cancer is the most frequently diagnosed cancer and the leading cause of cancer deaths in females in the ASEAN region, as well as worldwide. In ASEAN it accounts for 22% of the new (female) cancer cases and 15% of the total cancer deaths in 2008. The highest incidence rate per 100,000 is found in Singapore (59.9) and the lowest in Vietnam (15.6). Mortality rates per 100,000, however, are highest in Indonesia (36.2), quite low in Singapore (13.6), while Vietnam remains on the bottom of the ranking for breast cancer mortality ( Figure  9 ). In low-and middle-income countries in Southeast Asia, women are developing breast cancer at a relatively young age (under 50 years), adding enormous pressure on families and societies (Institute for Health Metrics and Evaluation 2011). This trend is also apparent in the low-income countries within ASEAN, as illustrated by Figure 10 . Factors that contribute to an increasing trend in breast cancer incidence among Asian women are not fully understood, but thought to reflect lifestyle changes associated with westernization, including late child bearing, having fewer children, and consumption of calorie-dense food, physical inactivity and obesity (Jemal et al., 2010) .
Cervical cancer
Cervical cancer is the second most diagnosed cancer and the third leading cause of cancer death in females in ASEAN, accounting for 11% of the total new cancer cases and 9% of the total cancer deaths among females in 2008 (Figure 11 ). Similar to breast cancer trends, the fraction of women under 50 with cervical cancer is high (see Figure  12) .
Cervical cancer incidence rates in Cambodia were almost five times as high as in Singapore (27.4 and 6.8 per 100,000 respectively). Incidence rates were also very high in Myanmar (26.4), Thailand (24.5) and Laos (22.1). In Cambodia and Myanmar, cervical cancer has the highest mortality rate of all cancers (16.2 and 15.0 per 100,000 respectively). The high burden of cervical cancer in countries such as Cambodia, but also Myanmar and Thailand (26.4 and 24.5 cases per 100,000 respectively) appears to be due to a combination of factors including lack of widespread screening and treatment facilities, and a greater proportion of persistent Human papillomavirus (HPV) infections (Garland et al., 2008; Mathew and George, 2009 ).
Disability Adjusted Life Years (DALYs)
In 2008, the number of DALYs, or healthy life years, lost to cancer in ASEAN was 7.5 million of which 48% was lost in males and 52% in females. In males, liver and lung cancers claimed most DALYs. In females, breast cancer claimed most DALYs, followed by cervix and lung cancers.
To compare between countries, age-standardised DALYs lost per 100,000 from all cancers by country are presented in Figure 13 . The total burden of cancer is highest in Laos (1941 DALYs lost per 100,000), followed by Vietnam (1863), Myanmar (1853) and Indonesia (1841). The lowest total burden of cancer is found in the Philippines (1411) and Singapore (1492).These rankings largely reflect those derived on the basis of mortality.
Discussion
"As the prevalence of cancer continues to increase, it is imperative that we mobilise ASEAN member nations and encourage them to put in place a strategic, focussed cancer-control health care policy. This policy must be supported by organised, evidence-based cancer prevention programmes, and strengthened by reliable local patient registries and population databases," said Dr Surin Pitsuwan, Secretary General of ASEAN, at a stakeholders meeting on the socio-economic burden of cancer in ASEAN communities, held in Singapore on the 7th of July 2011 .
A first step towards a cancer control health care policy is an estimate of the burden of cancer at the population level, which is provided in this study, using well-established burden of disease measures. The data provided in this study can be used as a benchmark to monitor change and for identifying priorities in cancer prevention and care (Lancet, 2010) .
Results show that there were over 700,000 new cases of cancer and 500,000 cancer deaths in ASEAN in the year 2008, leading to approximately 7.5 million DALYs (i.e. healthy life years) lost in that year. The burden of cancer in terms of DALYs lost is highest in Laos, Vietnam and Myanmar and lowest in Brunei, Singapore and the Philippines. Furthermore, we found that high income countries (i.e. Singapore and Brunei) generally have higher breast, lung and colorectal cancer rates and low liver cancer rates, while low income countries (i.e. Myanmar, Laos and Cambodia) have higher cervical and stomach cancer rates. Among other interesting findings was a high rate of oesophagus cancer in Myanmar, with an age-standardised incidence rate of 7.5 per 100,000, while all other countries have rates below 2 per 100,000. High liver cancer incidence rates in Laos (33.8), Thailand (29.7) and Vietnam (29.3) are also of concern.
Results from this study are generally in line with several recent reviews (Jemal et al., 2010; Moore et al., 2010a; 2010b) , but this study differs in two respects; GLOBOCAN 2008 data was used (as opposed to GLOBOCAN 2002) and this study has added an estimation of the number of DALYs lost. An important difference between the 2002 and 2008 GLOBOCAN data is that country-specific cancer mortality estimates by sex and age group are now based on WHO mortality data, which, as well as being updated, have been corrected to take into account incompleteness or under-coverage (Ferlay et al., 2010) . The global burden of disease 2004 update by WHO also reports DALY estimations for cancer (Mathers et al., 2008) . However, WHO's DALY estimations and estimates found in this study cannot be reliably compared since the GBD 2004 update used incidence data from GLOBOCAN 2002 and mortality data from other sources.
Differences in lifestyle-related factors contribute to regional differences in cancer rates, as well as access to screening programs and vaccines (Boyle et al., 2008) . The continuing growth and ageing of ASEAN's population, their increasing wealth, changes in lifestyle, and preexisting factors (especially cancer-related infections) mean that the burden of cancer will continue to increase (Mathers et al., 2008) . A significant proportion of this burden of cancer could be prevented through the use of existing cancer control knowledge, and by implementing programs for tobacco control, vaccination (for liver and cervical cancers), and early detection and treatment, as well as public health campaigns promoting physical activity and healthier dietary patterns (Boyle et al., 2008) . Targeted prevention and treatment strategies aimed at preventable forms of cancer not only could save lives, but also improve economic development prospects in ASEAN.
The strength of our study is the use of cancer registry data collected in GLOBOCAN 2008 (Lancet, 2010 . However, estimates in GLOBOCAN are variable in accuracy, depending on the extent and validity of available data by country, ranging from real and valid counts of cases and deaths, to estimates based on samples, through those based on rates in neighbouring countries. Incidence data for most ASEAN countries were limited by their geographic coverage; therefore the estimates of cancer burden that were derived for a number of ASEAN countries were based on extrapolation. For example, estimates for Laos and Myanmar were based on incidence and mortality estimates from neighbouring countries (mainly Thailand) which were then applied to country-specific demographic data. Despite concern regarding the data quality and the methods of estimation, the GLOBOCAN 2008 data represent the best available, and an unbiased, source of information on the profile of cancer.
The addition of DALY estimations in this study provides a first indication of the burden of cancer in ASEAN countries. Nevertheless, for our estimations we used uniform survival rates across all low-and middleincome countries in ASEAN and thereby under-estimating between-country differences in cancer burden (Pisani et al., 1999) . We also assumed no long term disability, although there are some cancers that are likely to have major sequelae causing long-term burden following successful treatment, such as breast and colorectal cancers. This assumption will have led to an underestimation of DALYs lost; however, due to poor survival rates, premature mortality remains the major component of the DALY in low-and middle-income countries and thus this disability assumption is unlikely to be a major source of error.
The limitations of the GLOBOCAN data emphasize the need for population-based cancer registries. Accurate national incidence and mortality data is necessary to monitor status and change, investigate success of cancer control activities, and help in decision making (Valsecchi and Steliarova-Foucher, 2008) . Better information on the severity and duration of the disease is also essential to improve estimates of the extent of the cancer burden and to gauge its relative contribution to overall burden of disease. As an important step in addressing this, the ASEAN Foundation, together with The George Institute for Global Health and Roche are undertaking an observational study of 10,000 newly diagnosed patients with cancer within the ASEAN region. The ACTION study (Asean CosTs In ONcology) will assess, in each country, the impact of cancer on quality of life and the economic circumstances of patients and their households . Local data from the ACTION study can be used to revise the initial estimates from this burden of cancer study, and combined with data on cost, result in better estimates of the economic burden.
In conclusion, the present study provides a snapshot of cancer burden in ASEAN. A key finding, as reflected in the effect of the age-standardisation procedure on disease burden estimates, is the major impact played by population age distribution on cancer incidence and mortality. Whilst many of the factors that will influence the epidemiology of cancer in this region over coming years such as the effectiveness of new health technologies and programs are uncertain, we can be sure that most, if not all of these countries will undergo some degree of economic growth, and with it, an ageing of their populations and increase in the burden of cancer (Kanavos 2006; Thun et al., 2010) . Policy and funding priorities in each of these countries must therefore be geared toward dealing with this trend by planning for the strengthening of health systems to cope with projected increases in cancer prevention, treatment and management needs.
